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The Production of Agglutinins in Response to 
Antigens of Ascaris Lumricoides Var. Suum 1 
JAMES LEE PRoUTY2 
Abstract. Studies of immunological reactions with 
Ascaris lumbricoides var. suum have been carried out by a 
number of investigators involving in vitro and in vivo tests. 
As far as can be determined agglutinin antibodies have 
not been demonstrated. It seems likely that agglutinins may 
be produced in experimental animals if appropriate techni-
ques for their demonstration are devised. Two rabbits were 
bled initially from the external marginal ear vein. These 
sera were used as controls. The rabbits were immunized 
with body fluid and egg antigens of Ascaris lumbricoides 
var. suum at various intervals for a three and one-half week 
period. At the end of that period the rabbits were sacrific-
ed and the immune sera recovered. Ascaris eggs were de-
coated with five per cent sodium hypochlorite ( Chlorox) 
with the outer protein coat being removed within 20 min-
utes. Decoated eggs were suspended in sterile saline. 
One-tenth cubic centimeter of immune serum was added to 
one-tenth cc of suspended egg solution in a hanging drop 
preparation, and observed with the aid of a miscroscope. 
The demonstration of agglutinin antibodies against the 
body fluid and egg antigens of Ascaris was accomplished 
by the addition of immune sera to a saline egg suspension 
in a hanging drop preparation. The highest agglutinin 
titer demonstrated against the egg antigen was 1:32. The 
highest agglutinin titer demonstrated against the body 
fluid antigen was 1: 64. The results obtained from this 
study indicate that agglutinins can be produced in response 
to body fluid and egg antigens of Ascaris lumbricoides 
var. suum. 
Immunological reactions involving Ascaris lumbricoides var. 
suum have been demonstrated by in vitro serological tests. 
Precipitin antibodies (Coventry, 1929) and complement-fixing 
antibodies (Blackie, 1931) have been demonstrated against 
ascaris antigens. It appears likely that other antibody types 
may be produced against ascaris antigens, if appropriate tech-
niques for their demonstration are devised. A literature search 
has failed to produce evidence of agglutinin production in ex-
perimental animals in response to antigens of Ascaris. 
It is, therefrn"e, the purpose of this investigation to determine 
the antigenicity of eggs and body fluid of Ascaris lumbricoides 
var. suum in the production of specific agglutinins, as measured 
by the agglutination of decoated ascaris eggs. If egg agglutin-
ins can be demonstrated experimentally, the application of ap-
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propriate techniques may be of significance in the diagnosis 
of an infestation by this helminth. 
HISTORY 
Immunity to foreign proteins has been measured in a variety 
of ways involving in vivo and in vitro reactions. The demon-
stration of specific antibodies to antigenic compounds has been 
utilized as one type of measurement and, for the most part, 
involves serological tests. The resistance expressed by a living 
organism to a foreign antigen, as measured by survival or 
physiological responses, has also been utilized as an indication 
of an immune reaction. 
Egg, larval, and adult tissues of various species of ascaris have 
been studied to determine their relative antigenicity ( Sprent 
and Chen, 1949). The response to ascaris antigens has been 
demonstrated in experimentaJ animals by the recovery of im-
mune sera a;nd the subsequent use of the antisera in vitro and 
in vfoo tests. 
Precipitin antibodies were reported by Schwartz ( 1920), 
using dried extracts of adult ascarids as antigenic material in 
an attempt to show relationships between different species of 
Ascaris. The demonstration of this antibody was supported by 
the work of Coventry ( 1929) and Canning ( 1929). More re-
cently the production of precipitin antibodies has been reported 
by Campbell ( 1936), Oliver-Gonzalez ( 1943, 1946), Sprent 
( 1949), and Biagi ( 1960). Taliaferro ( 1940) and Oliver-Gon-
zalez ( 1943) reported the production. of a precipitate at the 
excretory pores, mouth, and anus of the larval pig ascarid 
when placed in immune serum. The precipitate formed in this 
larval precipitin test is highly specific, and the titer is com-
parable to the 'ring' precipitin test. 
Soulsby ( 1956) reported that complement fixing antibodies 
were produced in response to ascaris antigens but at a rather 
low titer. Later Soulsby ( 1958) indicated that antibodies de-
tectable by the complement fixation reaction follow the same 
general production pattern as heterophile antibodies. Hetero-
phile antibodies produced in rabbits infected with Ascaris 
were found to be absorbed by guinea pig kidney emulsions 
and fowl erythrocytes. 
Serum-agar double diffusion experiments with Ascaris were 
carried out by Kagan ( 1957). He demonstrated that enteric 
ascaris fluid has 10-14 antigens, unembryonated eggs have 
3-5 antigens, and embryonated eggs have two antigens. He also 
pointed out that the strongest antigens were non-lyophylized 
saline extracts of whole worms and enteric fluid. 
The agglutination or clumping together of cells has been 
2
Proceedings of the Iowa Academy of Science, Vol. 70 [1963], No. 1, Art. 70
https://scholarworks.uni.edu/pias/vol70/iss1/70
430 IOWA ACADEMY OF SCIENCE [Vol. 70 
observed with high specificity among human erythrocytes, 
bacteria, parasitic protozoa, and in some cases non-living mat-
erial. Isoagglutinins found in human sera are used in blood 
group determinations, and specific bacterial agglutinins are 
used in determining the antibody titer against specific bacterial 
species. Some of the parasitic protozoa exhibiting the pheno-
menon of agglutination are the leishmanias and trypanosomes. 
(Taliaferro, 1929). Hemagglutination reactions using ascaris 
extracts have been observed by Souls by ( 1956) and Oliver-
Gonzalez ( 1960). They have demonstrated that isoagglutinin-
like antibodies can be produced in response to ascaris antigens. 
As far as can be determined, the agglutination reaction using 
decoated ascaris eggs has not been .studied. Based on the 
evidence that ascaris antigens have been found to be highly 
specific as demonstrated by the precipitin test, and that anti-
bodies which affect the ascaris larvae seem to have been stim-
ulated by antigens contained in the egg, it appears probable 
that agglutinins are produced in response to ascaris eggs and 
body fluid antigens. 
MATERIALS AND METHODS 
Ascaris lumbricoides var. suum used in this investigation 
were obtained from the Iowa Packing Company, Des Moines, 
Iowa. The eggs were removed from the worms by placing 
the distal third of several uteri in a 500-ml erlenmeyer flask 
containjng 50cc of sterile saline and mincing the uteri with 
a 'Power-Stir' ( Eberback Company) power mixer at medium 
speed for 20 minutes. The egg suspension was decanted into 
50cc centrifuge tube and centrifuged at 274 times the accelera-
tion of gravity for five minutes in a refrigerated centrifuge 
(International Equipment Company) at l0°C. (All centrifu-
gation mentioned hereafter was performed as stated above.) 
This mincing and centrifugation process was repeated until 
an estimated 40,000 eggs were recovered as calculated by 
volume. The eggs then were treated with 5% sodium hypoch-
lorite ( Chlorox) for approximately 20 minutes whereby the 
outer protein coat was removed. The decoated eggs were wash-
ed and centrifuged three times using sterile saline, then placed 
in an all-glass hand homogenizer (Arthur H. Thomas Com-
pany), and allowed to settle for one hour. The saline was de-
canted and the eggs crushed and diluted with sterile saline, 
resulting in a crushed egg V'accine containing approximately 
4,000 crushed eggs per cc. The egg vaccine was transferred to 
a sterile 20-ml vaccine bottle, rubber stoppered and placed 
in a hot water bath (Precision Scientific Company) of 55°C 
for 30 minutes. At the end of this period, the vaccine was 
placed immediately in the refrigerator at 5°C until needed. 
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Twenty-four hours later lee of egg vaccine was withdrawn 
from the vaccine bottle by using a sterile 2-cc syringe with a 
25-gauge needle. One-half cc was mixed with lOcc of sterile 
nutrient broth (Difeo). Another .5cc was. mixed with lOcc 
of sterile, melted, cooled agar (Difeo) for use in the prepar-
ation of a pour plate. The inoculated nutrient broth and the 
pour plate were placed in an incubator at 37°C for 48 hours. 
The broth and pour plate were read at the end of a 24-hour 
period and a 48-hour period. Three colonies of non-spore 
forming bacilli were found on the pour plate indicating that 
the vaccine was not sterile. The vaccine was placed again in 
a hot water bath at 55°C for 30 minutes and cooled in the 
refrigerator. The culturing of the vaccine samples as above in-
dicated them to be sterile. The vaccine was stored at 5°C 
until needed. 
Ascaris body fluid was obtained by using a sterile 5cc syringe 
with a 20-gauge needle. The needle was inserted into the 
coelomic cavity of the worms, and the coelomic fluid with-
drawn and centrifuged. The supernatant then was decanted 
into two sterile lOcc vaccine bottles, rubber stoppered, and 
placed in a hot water bath at 55°C for one hour. After the 
vaccine was demonstrated to be sterile by culturing techniques, 
it was stored at 5 ° C until needed. 
Two young Himalayan rabbits each weighing approximately 
3 kg were used as experimental animals. Each rabbit was 
bled initially from the external marginal ear vein. Fifteen cc 
of blood were collected from each animal in sterile 50 ml cen-
tifug:e tubes, allowed to clot at 5°C for several hours, 'ringed', 
and allowed to stand overnight. The blood was then centrifuged 
at 192 times the acceleration of gravity for one-half hour at 
l0°C. The sera were decanted into two sterile 10-cc vaccine 
bottles, rubber stopped, and stored at 5°C. These sera were 
the controls. 
Each rabbit W:as inoculated intravenously (in one instance 
intraperitoneally) according to the injection schedule shown 
in Table I. Rabbit number I was immunized with the body 
fluid vaccine. Rabbit number 2 was immunized with the 
crushed egg vaccine. 
Sterile 2-cc syringes with 27-gauge needles were used. 
Aseptic techniques were strictly enforced. After the last in-
jection, each tabbit was bled from the external marginal ear 
vein to obtain 10 cc of blood. The blood was placed in two 
sterile 20-cc tubes, 'ringed', and put in the refrigerator over-
night. The next morning, by use of the sera obtained from 
the test bleeding, the 'ring' precipitin test was executed to 
detect the presence of precipitin antibodies. Micro tubes ap-
proximately 35 mm in length and 2.5 mm in width were used. 
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Duplicate precipitin tests were performed using tenfold dil-
utions of egg and body fluid antigens against control sera and 
homologous antisera. Precipitin antibodies were demonstrated 
in titers of 1:1000 with the body fluid vaccine and 1:10 with 
the egg vaccine. The precipitin test results are summarized in 
Table 2. Production of Precipitin Antibodies in Rabbits in Response to 
Egg and Body Fluid Antigens of Ascaris Lumbricoides var. Suum 
Antigen 
dilution 




+ = precipitate 
- = no precipitate 
Immune sera from Immune sera from 
rabbit #1 injected rabbit #2 injected 
with body fluid antigen with egg antigen 
Test 1 Test 2 Test 1 Test 2 
+ + + + 
+ + + + 
+ + 
Upon the demonstration of precipitin antibodies, each rab-
bit was sacrificed by the injection of Nembutal into the ex-
ternal marginal vein. After a heart puncture, by use of a sterile 
50-ml syringe with a 12-gauge noodle, 50 ml of blood were 
withdrawn from each rabbit. The blood was placed in two 
sterile 125-ml erlenmeyer flasks, 'ringed', and stored in the 
refrigerator at 5°C. The sera obtained were decanted into two 
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Table 3 .. PreciJ?itin Test Results on Normal Sera Obtained from Rabbits 
Before Iniect10n of Egg and Body Fluid Antigens of Ascaris Lumbricoides 
Antigen 
Unclilute .......... . 
Saline ( 0.85% NaCl) 
+ = precipitate 
- = no precipitate 
var. Suum 
Normal sera from 
rabbit #1 before 
injection of body 
fluid antigen 
Normal sera from 
rabbit #2 before 
injection of egg 
antigen 
sterile 50-ml centrifuge tubes and centrifuged at 815 times 
the acceleration of gravity for 15 minutes. The supernatant was 
decante<l into two sterile 150-cc test tubes with cotton stoppers 
and stored in the refrigerator at 5°C until needed. 
Fresh ascaris eggs were obtained on the day of the agglutina-
tion tests were to be carried out. The eggs were recovered 
and decoated in the same manner as described previously, 
obtaining a concentration of approximately 4,000 decoated 
eggs per cc suspended in sterile saline. All the equipment to 
be used for the agglutination test was prepared as follows: 
microscope slides were acid cleaned, rinsed in distilled water, 
and dTied; pipettes were sterilized in the autoclave; hanging 
drop slides and cover slips were washed in detergent, rinsed 
in distilled water, and dried. 
The agglutin:ation test was performed using standard mis-
roscope slides and hanging drop slides. The h'lnging drop 
method was adopted as the method of choice since results 
were easier to read. One-tenth cc of suspended decoated 
ascaris eggs was placed on a clean cover slip and mixed with 
.lee of undilute immune serum using sterile toothpicks. Petro-
leum jelly (Vaseline) was applied in a thin layer around the 
depression chamber of a hanging drop slide. The depression 
chamber was placed over the cover slip conta1ining the suspen-
sion of eggs and serum, and the slide was quickly inverted 
and examined microscopically for agglutination of the eggs. 
Twofold serial dilutions were made with the immune sera to 
determine agglutinin titer and were then compared with nor-
mal sera and saline controls. 
RESULTS Ai'-'D INTERPRETATION OF DATA 
The experimental production of agglutinin antibodies in re-
sponse to body fluid and egg antigens of Ascaris lumbricoides 
var. suum can be demonstrated under the conditions present 
in this investigation. 
The normal distribution of decoated ascaris eggs in a saline 
hanging drop preparation was studied at a room temperature 
of 32°C, and humidity of about 70%. Variations in temperature 
and humidity were not observed to influence the distribution 
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of decoated ascaris eggs in this type of preparation. One-tenth 
cc of suspended eggs from a saline solution containing approx-
imately 4,000 per cc were observed. It was found that if the 
eggs were well-mixed, the distribution was uniform upon im-
mediate observation. Very rarely were eggs observed adhering 
to each other upon immediate exam'nation. A saline egg sus-
pension was observed for 30 minut.;s and there was no in-
dication of clumping for the first 15 minutes. During the sec-
ond 15-minute period, the eggs started to collect in the bottom 
of the drop but they did not clump. Because of the ease in 
reading the reaction, all agglutination tests were read between 
eight and ten minutes after the addition of immune sera. No 
agglutination was detected in the normal semm control from 
rabbit number 1 and from rabbit number 2. The control tests 
for the agglutination reaction of decoated eggs of Ascaris 
lumbricoides var. suum are summarized in Table 4. 
Table 4. Control Tests on Twofold Serial Dilutions of Normal Sera from 
Experimental Rabbits Using Decoated Eggs of Ascaris Lumbricoides var. 
Suum. 
Normal Rabbit Sera Dilution Experimental 
Animal Undilute 1:2 1:4 1:8 1:16 1:32 1:64 
Rabbit #1 
Rabbit #2 ... 
- = No agglutination 
Twofold serial dilutions of immune sera were prepared from 
rabbit number 1 (which had been immunized with the body 
fluid vaccine) and from rabbit number 2 (which had been 
immunized with the egg vaccine). Four separate tests were 
conducted with each serial dilution. A consistent titer of 1: 16 
in both immune sera were observed in all four tests. The high-
est agglutinin titer shown in serum produced in response to 
the body fluid antigen was 1:64, whereas the highest agglutinin 
shown in serum produced in response to the egg vaccine was 
1:32. The results of the agglutination reaction using decoated 
eggs of Ascaris lumbricoides var. sitttm with immune sera are 
summa1ized in Table 5. 
Figure 1 shows photographs of ascaris eggs in the presence 
of normal sera and immune sera produced under the con-
ditions present in this investigation. 
Photograph A shows decoated eggs in sterile saline solut!on, 
at a magnification of 100 times. Photograph B was taken of 
decoated eggs plus normal serum from rabbit number 1, at 
a magnification of 35 times. Photograph C shows the agglutina-
tion of ascaris decoated eggs when mixed with immune serum 
produced in l'esponse to ascaris egg vaccine. Photograph D is 
characteristic of the agglutination reaction of ascaris decoated 
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Figure 1. Agglutination Reaction of Deooated eggs of Ascaris lumbricaides var. 
suum. 
A. Eggs suspended in sterile saline ( 100.:). 
B. Eggs suspended in normal control serum (35I). 
C . Eggs mixed with immune serum from rabbit immunized with egg 
vaccine (35x) . 
D. Eggs mixed with immune serum from rabbit immunized with body 
fluid vaccine ( 35x). 
eggs when mixed with immune serum produced in response 
to ascaris body fluid vaccine. 
The process of agglutination of the suspended decoated 
eggs in immune serum was observed carefully by microscopic 
examination. In the presence of immune sera, the eggs slowly 
appeared to come closer to each other. Chains of eggs began to 
8
Proceedings of the Iowa Academy of Science, Vol. 70 [1963], No. 1, Art. 70
https://scholarworks.uni.edu/pias/vol70/iss1/70
436 IOWA ACADEMY OF SCIENCE [Vol. 70 
Table 5. Results of the Agglutination Reaction Involving Decoated Eggs 
of Ascaris Lumbricoides var. Suum and Immune Sera from Rabbits 

















Rabbit #1 Injected Rabbit #2 Injected 
with Body Fluid with Crushed Eggs 
Test Test Test Test Test Test Test 
2 3 4 1 2 3 4 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + 
+ + = Agglutination 
- = No agglutination 
appear, followed by clumping in small groups and then clump-
ing in lai!"ger groups with the number of eggs per group seldom 
exceeding 30. As the agglutination reaction appeared, the 
slide was agitated without disrupting the hanging drop, thus 
the egg clumps were demonstrated to be firm. 
The agglutination reaction as demonstrated with decoated 
ascaris eggs demonstrates that agglutinins can be produced 
in response to egg and body fluid of ascaris antigens. Ascaris 
enteric fluid was reported by Kagan ( 1957) to have 10-14 
antigens, and unembryonated eggs were reported to have 3-5 
antigens. The present study indicates that an agglutinogen is 
one additional type of antigen contained in body fluid and 
unembryonJated eggs of Ascaris. The work of Souls by ( 1956) 
and Oliver-Gonzalez ( 1960) in demonstrating that isoagglutinin-
like antibodies can be produced in response to ascaris antigens 
is partially supported by this study. 
The demonstration of agglutinins produced in response to 
ascaris antigens as reported in this investgation should be 
studied under conditions which differ from this study. It is 
suggested that the crossing of several ascaris antigens with 
heterologous antisera should be investigated. An additional 
study which might be carried out would be to deteTmine the 
time required for agglutination as measured by the number 
of egg clumps formed after the addition of immune sera. 
SUMMARY 
Studies of immunological reactions with Ascaris lumbricoid-
es var. suum have been can-ied out by a number of investiga-
tors, involving in vitro and in vivo tests. As far as can be deter-
mined agglutinin antibodies have not been demonstrated. It 
seems likely that agglutinins might be produced in experimental 
animals if appropriate techniques for their demonstration were 
devised. 
Two rabbits were immunized with body fluid and egg anti-
gens of Ascaris lumbricoides var. suum at various intervals for 
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a 3;,.-week period. The rabbits then were sacrificed and the 
immune sera recovered. 
Decoated ascaris eggs were suspended in sterile saline. One-
tenth cc of immune serum was added to .lee of suspended 
egg solution. The demonstration of agglutinin antibodies 
against the body fluid and egg antigens of Ascaris was ac-
complished by the addition of immune sera to a saline egg 
suspension in a hanging drop preparation. The highest agglut-
inin titer demonstrated ag1ainst the ascaris egg antigen was 1:32. 
The highest agglutinin titer demonstrated agaJnst the ascaris 
body fluid antigen was 1:64. 
The results obtained from this study indicate that agglutinins 
can he produced in response to body fluid and egg antigens of 
Ascaris lumbricoides var. suum. 
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